Arterial cannulation can cause many complications such as haemorrhage, infection, peripheral ischaemia, air and clot embolism, vascular damage with aneurysm, pseudo aneurysm, or arterio-venous fistula. 1 We report a patient in whom a radial arterial cannula caused haemolysis in blood samples withdrawn from it.
Case report
A 60-yr-old man was about to have an elective coronary artery surgery procedure. He gave a history of angina at rest and shortness of breath on moderate exertion. A venous blood sample analysis gave sodium 139 mmol litre À1 , potassium 4.6 mmol litre À1 , urea 7.6 mmol litre À1 , and creatinine 117 mmol litre À1 . The left radial artery was cannulated with a 20 gauge arterial cannula (Abbocath) with some difficulty, and connected to an arterial pressure monitoring system with a pressure transducer (Medex) filled with a solution of heparin 1 iu ml À1 saline. Blood could be easily withdrawn and the cannula could be flushed easily. A satisfactory tracing of arterial pressure was seen on the monitor. An arterial blood sample was withdrawn for analysis of serum electrolytes.
Before the blood sample results were available, anaesthesia was induced with propofol and alfentanil i.v.. Pancuronium was given and the trachea intubated. The internal jugular vein was cannulated.
The arterial blood sample showed a potassium concentration of 9.3 mmol litre À1 . The ECG did not show signs of hyperkalaemia, and other observations were normal ( Table 1) . The blood potassium value was suspected to result from a fault in analysis. Another sample (sample 2) was obtained from the radial arterial cannula and analysed with a different apparatus, which gave a potassium value of 8.4 mmol litre À1 . The patient's vital signs and ECG remained unchanged. Two further samples were obtained simultaneously from arterial and venous cannulae and analysed on the first analyser. The arterial sample value was 7.4 mmol litre À1 (sample 3) and the venous sample value was 4.4 mmol litre À1 (sample 4). We suspected haemolysis had been caused by malposition of the arterial cannula. The cannula was slightly withdrawn. A further sample was obtained (sample 5), which gave a potassium concentration of 4.1 mmol litre À1 , and further blood samples obtained from the cannula had expected potassium values.
Discussion
Arterial cannulation is a common procedure in surgery and intensive care, to allow arterial pressure monitoring and repeated blood gas sampling. One estimate suggests that approximately 8 and 2.5 million arterial cannulae are placed each year in the USA and Europe, respectively.
2 Hyperkalaemia caused by cannula malposition has not been reported. In an Australian Incident Monitoring Study 3 (AIMS-ICU) with a total of 7525 reports, 251 reports were related to arterial cannulae alone, totalling 376 incidents. Out of these 376 incidents, 69 (19%) were related to patient injury but none were associated with hyperkalaemia. A review of approximately 20 000 radial artery cannulations did not report local haemolysis. 4 We suggest that in this patient the tip of the cannula could have impinged against the vessel wall so that red blood cells were damaged when a blood sample was obtained. During withdrawal of the sample, a high shear rate caused by narrowing of the cannula orifice or lumen could have caused haemolysis leading to an increased potassium concentration in the blood samples.
A high shear rate and static pressure can damage erythrocytes. 5 A positive static pressure of 600 mm Hg alone did not cause haemolysis, but shear rates of 500 s À1 and greater caused haemolysis with a static pressure of 0 mm Hg. 5 We found hyperkalaemia with two different analysers. Arterial and venous samples obtained simultaneously and analysed on the same analyser showed that the samples had different values and that equipment failure was not possible.
Systemic hyperkalaemia caused by heparin is a rare but recognized complication and has been described during cardiopulmonary bypass. 6 However, this was not the cause in our patient who was subsequently fully anticoagulated with heparin without hyperkalaemia.
A badly positioned aortic cannula during cardiopulmonary bypass has been described in a child, resulting in hyperkalaemia and renal failure. 7 After we suspected the possible cause of hyperkalaemia, we repositioned and adjusted the arterial cannula and repeatedly flushed it with heparinized saline. Subsequent sampling gave satisfactory results. No harm came to the patient. Red cell haemolysis can be measured using a haemorheologic assay that includes estimates of erythrocyte mechanical fragility, plasma total protein and fibrinogen concentrations, blood viscosity, and free haemoglobin. 8 We could not use these measures to confirm our suspicions of the cause of hyperkalaemia in this case, but they should be considered if haemolysis is suspected to be caused by hyperkalaemia. Awareness of this complication of arterial cannulation should prevent inappropriate therapy to adjust potassium concentration. Abnormal values in a sample from a cannula after difficult cannula insertion should be held in suspicion, and a venous sample should be withdrawn to check the analysis. Apparent hyperkalaemia from blood sampled from an arterial cannula
